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The purpose of t h i s  p ro jec t  is t o  prepare power r e c t i f i e r s  
and s o l a r  b a t t e r i e s  which w i l l  operate  a t  temperatures up t o  5OO0C. 
During t h i s  qua r t e r ,  work has  progressed on the  method of forming an 
ohmic contact  by a l loy ing  i n  a vacuum. It is believed t h a t  t h e  r e s u l t s  
found a r e  of s i g n i f i c a n t  value i n  the  r e a l i z a t i o n  of r e l i a b l e  ohmic 
contacts .  
Picosac Sput ter-Ion System 
A s  s t a t e d  i n  the  l a s t  q u a r t e r l y  repor t ,  modifications had been 
made t o  the  new Varian sput te r - ion  (picovac) system through the  
addi t ion  of s u b s t r a t e  hea t ing  and thermocouple monitoring such t h a t  a l loy ing  
could be accomplished immediate1 y following t h e  evaporation of a 
metal  contact .  With these  modifications,  s eve ra l  attempts were made 
t o  a l l o y  nickel-germanium mixtures t o  n-type, t e l lu r ium doped, GaP with 
a c a r r i e r  concentrat ion of 2 X 1017 cm 
at tempts  were successful.1 The physical  conf igura t ion  of the  picovac 
with the  s i n g l e  viewing por t  a t  t h e  t o p  of the  chamber does not e a s i l y  
permit t he  c lose  observat ion of the  sur face  which i s  necessary t o  determine 
the  temperature a t  which t h e  a l loy ing  takes  place. Furthermore, during these  
t r i a l s  t h e  picovac system con t inua l ly  degraded u n t i l  the  time required 
f o r  an evaporation was no longer acceptable.  Af te r  consul ta t ion  with 
t h e  Varian f i e l d  engineering representa t ives ,  t he  system was returned t o  
Varian t o  replace t h e  sput te r - ion  pump which was  thought t o  be defec t ive ,  
to  test  a l l  valves,  and t o  c lean  t h e  vacuum chamber thoroughly. Upon 
t h e  r e t u r n  of t h e  system, tests were made which unfortunately revealed 
t h a t  the  problem had not been solved. The u l t ima te  vacuum a t t a i n a b l e  
remained g r e a t e r  than  an order  of magnitude poorer than our e a r l i e r  
-3 . However, none of t hese  
r e s u l t s  and pump down times 
the re f  o re  returned again t o  
The l a t e s t  r epor t s  a r e  t h a t  
were s i m i l a r l y  increased. The u n i t  w a s  
Varian for r e p a i r  where i t  now remains. 
a leak  has been found i n  the  high vacuum 
1 
valve and t h a t  t he  design of t h e  top  c losure  may be f au l ty .  
a dec is ion  was made t o  abandon t h e  picovac system f o r  t he  ohmic contact  
study, a t  l e a s t  for t h e  present .  
Therefore 
Alloyed Ohmic Contacts 
The ohmic contac t  e f f o r t  was then  t r ans fe r r ed  t o  the  evaporation 
and a l loy ing  i n  a standard o i l -d i f fus ion  vacuum system and encouraging 
r e s u l t s  were obtained. After  s eve ra l  unsuccessful attempts,  the  
following system was adopted: 
Approximately 60 mill igrams of a n icke l  germanium mixture were 
evaporated from heavy multi-stranded tungsten f i laments  onto the  GaP 
samples which were cl ipped t o  a high p u r i t y  machined . graphi te  heater .  
The n i cke l  germanium had previously been formed i n t o  an alloyed p e l l e t  
by hea t ing  the  premeasured c o n s t i t u t e n t s  i n  an evacuated ampoule. For 
t he  evaporations of t h e  N i - G e  on the  Gap, the  d is tance  was held f ixed  
a t  approximately 10 cm and the evaporation pressure used was 5 X 10 t o r r .  
Af te r  t he  evaporation, the  temperature of t h e  sample was slowly r a i sed  
by means of the  graphi te  hea te r  u n t i l  a l loy ing  was seen. That temperature 
was recorded using a chromel-alumel thermocouple embedded i n  t h e  graphi te .  
The temperature measurement e r r o r  was determined by a l loy ing  gold, 
aluminum, and s i l v e r  on s i l i c o n ,  the  a l loy ing  temperaturesof which a re  
accura te ly  known from t h e  l i t e r a t u r e  . 
-7 
The r e s u l t s  on GaP i n d i c a t e  t h a t  with a mixture of 12 t o  20 atomic 
percent  germanium, good ohmic contac ts  a r e  seen. On e i t h e r  s i d e  of t h e  
proport ions r e c t i f y i n g  contac ts  were made. The da ta  i s  summarized i n  
Fig. 1. A s  can a l s o  be seen from t h e  f igure ,  a l l  a l loy ing  temperatures 
were i n  excess of 600 C, i n d i c a t i n g  tha t  s t a b l e  operat ion up t o  500 C 
appears reasonable f o r  the  N i - G e  proport ions used. I n  f a c t ,  our 
l a t e s t  d a t a  i n d i c a t e s  t h a t  t h e  a l loy ing  temperatures a r e  i n  excess of 
600 C regard less  of composition. For example, pure n icke l  and pure 
germanium have been found t o  a l l o y  t o  GaP a t  805 C and 650 C respect ively.  
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Plans f o r  Next Q u a r t e r  
The a l loy ing  method described w i l l  be examined c r i t i c a l l y  t o  
minimize experimental e r r o r .  The unequal co-evaporation of Ni-Ge and 
the  p a r t i a l  evaporat ion of t he  tungsten w i l l  be c a r e f u l l y  s tudied.  
Comparisons w i l l  be made between a l loy ing  i n  a vacuum, i n  an i n e r t  
forming gas atmosphere, and i n  a hydrogen reducing atmosphere. 
F ina l ly ,  now t h a t  the  ohmic contac t  method seems b e t t e r  defined, 
a t t e n t i o n  w i l l  be re turned t o  growing t h i n  GaP l aye r s  by v e r t i c a l  l i qu id  
epi taxy.  With our previous r e s u l t s  of c a r r i e r  concentrat ion of 3 X 10 c m  
and breakdown vol tages  g r e a t e r  than 200v using t h i s  technique, cons i s t en t ly  
good diodes should be possible .  Therefore t h e  diodes w i l l  be made and 
t e s t e d  a t  temperature. 
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